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(57) ABSTRACT 

Agripper mechanism for moving an object having a surface 
cavity, the gripper mechanism comprising an actuation end 
moveable in an axial direction and a rotary body. A first 
mechanism is configured such that movement of the actuation 
end in an axial direction rotates the rotary body. A gripper is 
moveable between an engaged position and a disengaged 
position. In the engaged position the gripper is capable of 
engaging an object and in the disengaged position the gripper 
is capable of being received into and removed from a cavity of 
an object. The gripper is connected to the rotary body by a 
second mechanism. The second mechanism is configured 
Such that rotary motion of the body moves the gripper 
between the engaged position and the disengaged position. 
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1. 

GRIPPER MECHANISM 

FIELD OF INVENTION 

The present invention relates to a gripper mechanism, in 
particular, but not exclusively a nuclear fuel rod gripper 
mechanism. 

BACKGROUND 

Nuclear fuel rods (also referred to as nuclear fuel assem 
blies) frequently require movement and transportation, for 
example to enable refueling of reactor cores or to take fuel 
rods for processing, storage or disposal. 

Manipulators having gripper mechanisms are used to move 
and transport the fuel rods. The gripper mechanisms need to 
reliably attach onto the fuel rods so as to facilitate their safe 
transfer. Due to the hazardous nature of nuclear fuel rods, 
these gripper mechanisms should meet International Atomic 
Energy Agency (IAEA) recommendations, including: 

(a) Obtaining a positive indication that the gripper mecha 
nism is correctly located on the fuel rod before lifting is 
commenced; 

(b) Once a fuel rod is gripped, the gripper mechanism 
should remain latched to a fuel rod upon loss of power; 

(c) The gripper mechanism should not be capable of decou 
pling from the fuel rod while a load is applied: 

(d) The gripper mechanism should only decouple from its 
load at specified elevations, even when no load is 
applied; and 

(e) The gripper mechanism should have an inherent safety 
device that prevents the fuel rod from becoming unde 
sirably released from the gripper mechanism. 

Current designs of gripper mechanisms are generally 
mechanically controlled rather than electrically controlled 
because radioactive environments tend to damage electrical 
equipment. It is also generally important to keep gripper 
mechanism design simple, as added complexity typically cre 
ates more risk. 

Currently available gripper mechanisms grip the fuel rods 
either externally or internally via a cavity formed in a plugend 
of the fuel rod. Gripper mechanisms that grip the fuel rods 
externally interfere more with the immediate environment 
than gripper mechanisms that grip the fuel rods internally. As 
a result, when the fuel rod is gripped internally there is a 
reduced risk of collision with other surrounding nuclear fuel 
rods and of gripping onto and transferring something not 
intended for transportation. 
An example of a known gripper mechanism that grips fuel 

rods internally is disclosed in U.S. Pat. No. 4,747.997A. The 
gripper mechanism of U.S. Pat. No. 4,747.997A operates by 
inserting inwardly biased fingers, with outwardly biased 
extensions, into a cavity formed in the plug end of a fuel rod. 
The biased fingers are then splayed open by an inner shaft. A 
circumferential groove is formed in the cavity of the fuel rod, 
and the biased fingers, when splayed, engage the circumfer 
ential groove of the cavity. 

Gripper mechanisms having an internal engagement (simi 
lar to that described in U.S. Pat. No. 4,747.997A) often suffer 
from a difficulty in ascertaining whether or not the gripping 
mechanism has correctly engaged the fuel assembly (which is 
a recommendation of the IAEA standard). 

Gripper mechanisms having an alternative configuration 
are also known. For example, many known gripper mecha 
nisms include a latching mechanism that is activated by inter 
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2 
action with an external feature (e.g. a ring that Surrounds an 
access entry point to the fuel rod). 

SUMMARY OF INVENTION 

The present invention seeks to address one or more prob 
lems associated with nuclear fuel rod gripper mechanisms of 
the prior art, and seeks to provide a gripper mechanism that is 
reliable for transporting objects, particularly hazardous 
objects. 
A first aspect of the invention provides a gripper mecha 

nism for moving an object having a surface cavity. The grip 
per mechanism comprises an actuation end moveable in an 
axial direction and a rotary body. The gripper mechanism 
comprises a first mechanism that is configured Such that 
movement of the actuation end in an axial direction (e.g. by a 
predetermined distance and/or direction) rotates the rotary 
body. The gripper mechanism further comprises agripper that 
is moveable between an engaged position and a disengaged 
position. In the engaged position the gripper is capable of 
engaging an object (e.g. engaging a feature provided in a 
Surface cavity of an object) and in the disengaged position the 
gripper is capable of being received into and removed from a 
cavity of an object. The gripper mechanism comprises a sec 
ond mechanism and the gripper is connected to the rotary 
body by the second mechanism. The second mechanism is 
configured such that rotary motion of the body moves the 
gripper between the engaged position and the disengaged 
position. 
The provision of a rotary body activated by a linear input 

can improve the reliability of the gripper mechanism. 
The directions referred to in this application will be 

described in more detail in the detailed description. However, 
generally, in the present application reference to direction 
refers to directions when the gripper mechanism is orientated 
for engagement or disengagement of an object. 
The gripper mechanism may comprise a linear actuator. 

The actuation end may be defined at one end of the linear 
actuator. The rotary body may be linked to the actuation end 
via the linear actuator and the first mechanism. For example, 
the first mechanism may be configured such that movement of 
the linear actuator in an axial direction (e.g. by a predeter 
mined distance and/or direction) rotates the rotary body. 
The first mechanism may be provided between the linear 

actuator and the rotary body. 
A housing may surround at least a portion of the rotary 

body and/or the linear actuator. The housing may be substan 
tially cylindrical. The rotary body and/or the linear actuator 
may be substantially cylindrical. The housing may be Sub 
stantially coaxial to the rotary body and/or the linear actuator. 
The gripper mechanism may comprise a latching arrange 

ment configured to prevent the gripper moving from the 
engaged to the disengaged position before the actuation end is 
moved by a predetermined distance. 

Optionally, the latching arrangement may be configured to 
prevent the gripper moving from the engaged to the disen 
gaged position before the actuation end is moved by a prede 
termined distance in a predetermined direction. For example, 
the latching arrangement may be configured Such that axial 
movement of the actuation end in a direction opposite to the 
desired direction of motion of the gripper mechanism at least 
partially unlatches the latching arrangement. 
The latching arrangement may comprise an internal latch 

enclosed (e.g. entirely enclosed) within the gripper mecha 
nism. 

For example, the internal latch may be entirely enclosed by 
other components of the gripper mechanism. In exemplary 
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embodiments, the internal latch may be positioned between 
the linear actuator and the rotary body. The linear actuator 
and/or the rotary body may enclose the internal latch. Addi 
tionally or alternatively, when the gripper mechanism com 
prises a housing, the internal latch may be enclosed within the 
housing of the gripper mechanism. 

The internal latch may be integrally formed with the first 
mechanism. 
The internal latch may be configured such that axial move 

ment of the actuation end in a direction opposite to the desired 
direction of motion of the gripper mechanism unlatches the 
internal latch. 
The provision of such an internal latch can further improve 

the reliability of the gripper mechanism. 
The first mechanism may comprise a pin and a curved or 

angled pathway, the pin being arranged to move along the 
curved or angled pathway. 
The curved or angled pathway may be defined by a slot. 

The pin may be provided on the linear actuator and the curved 
or angled pathway may be provided on the rotary body, or 
Vice-versa. 
The first mechanism may comprise a tick shaped pathway, 

e.g. the curved orangled pathway may have a tick shape. The 
tickshaped pathway may be arranged so that when the gripper 
is in the engaged position the pin is at a tip of the tick. The tick 
shaped pathway may be further arranged such that axially 
downward movement of the actuation end by a predetermined 
distance is required before the pin and actuation end can move 
axially upward. 
The tick-shaped slot may be described as a modified 

V-shape, the modified V-shape having one arm shorter than 
the other. For example two linear or curved slots meetingatan 
apex, one of the slots being shorter than the other. 
The latching arrangement may comprise an external latch. 

Provision of an external latch can further improve the reli 
ability of the gripper mechanism. 

At least a portion of the external latch may be positioned 
external to a volume defined by the remainder of the gripper 
mechanism Such that the latch can be actuated by a compo 
nent external to the gripper mechanism. 

For example, when a housing is provided, at least a portion 
of the external latch may be positioned external to the housing 
of the gripper mechanism. 
The gripper mechanism may comprise a housing. The 

external latch may comprise one or more latch arms engage 
able with the housing. 
The latch arms may comprise one or more engagement 

features and the housing comprises one or more complimen 
tary engagement features. For example, the housing may 
comprise one or more grooves (e.g. internal grooves and 
optionally circumferential grooves) and the latch arms may 
comprise one or more hooked portions. 
The latch arms may be biased to a position of engagement 

with the housing. For example, the latch arms may be spring 
biased to a position of engagement with the housing, e.g. with 
a position of engagement with grooves (e.g. circumferential 
grooves) formed in the housing. 
The engagement feature of the housing may comprise cir 

cumferential grooves provided at two axial locations on the 
housing; a first groove corresponding to a position where the 
gripper is in the disengaged position and a second groove 
corresponding to a position where the gripper is in the 
engaged position. The circumferential grooves preferably 
extend around the entire inner circumference of the housing, 
but in alternative embodiments the circumferential grooves 
may extend partially around the inner circumference of the 
housing. 
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4 
A biasing element (e.g. a helical spring) may bearranged to 

resist axial movement of the actuation end. When the gripper 
mechanism comprises a linear actuator, the helical spring 
may be positioned circumferentially around the linear actua 
tor. The helical spring may be positioned so as to be substan 
tially coaxial with the linear actuator. When the gripper 
mechanism comprises a housing, the housing may comprise a 
stepped portion that defines a platform on which the helical 
spring may be seated. 
The gripper mechanism may be configured such that in the 

engaged position at least a portion of the gripper is positioned 
more radially outward from a central longitudinal axis of the 
gripper mechanism than in the disengaged position. 
The gripper mechanism may comprise a guide plate at a 

position axially beneath the gripper. The guide plate may be 
configured to guide the gripper between the engaged and the 
disengaged position. The guide plate may be provided at one 
end of the rotary body. The guide plate may be connected to 
or formed as part of the rotary body. 
The guide plate may include a plurality of curved pathways 

and the gripper may include a plurality of projections (or pins) 
positioned in the curved pathways. The curved pathways may 
be arranged so as to transform rotational movement from the 
rotary body into radially outward or radially inward move 
ment of the gripper. 
The curved pathways may be defined by curved slots, and 

the projections may be positioned in said slots. The slots may 
extend partially through the thickness of the guide plate or 
fully through the thickness of the guide plate. Alternatively, 
the guide plate may comprise raised rims that define the 
pathways. 
The gripper comprises a plurality of gripper arms, the 

gripper arms being arranged such that an end of each gripper 
arm pivots radially outwardly to the engaged position and 
radially inward to the disengaged position. For example, 
when the gripper mechanism comprises a housing, the grip 
per arms may be pivotally connected to the housing. The arms 
may comprise a hooked portion for engaging a cavity of an 
object. The hooked portion may be at a position distal to the 
pivotal connection with the housing. 
The gripper may comprise a plurality of plates arranged to 

move radially inward and radially outward between the 
engaged and the disengaged positions. 
The plates may be shaped to resemble a sector of a circle. 

The sector shaped plates may be positioned adjacent so as to 
form a full circle. When the gripper mechanism comprises a 
housing, the plates may be anchored to the housing. For 
example, the housing may comprise Support pillars to which 
the plates are connected. Alternatively, the gripper mecha 
nism may comprise a retainer plate for connecting the plates 
to the remainder of the gripper mechanism. 
The gripper mechanism may comprise an indicator config 

ured to indicate the position of the gripper. 
The gripper mechanism may comprise an indication cable 

connected at one end to the gripper and extending through the 
gripper mechanism so as to exit the gripper mechanism at or 
near the actuation end. The cable may be arranged such that 
movement of the gripper between the engaged position and 
the disengaged position moves the cable so as to indicate the 
position of the gripper. 
The cable may extendaxially through the rotary body. The 

cable may extend axially through the linear actuator and/or 
the cover plate. 
The gripper mechanism may comprise a housing arranged 

such that the actuation end is moveable relative to the hous 
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The housing may have an indicator rod arranged such that 
the length of the indicator rod above a level coincident with 
the actuation end indicates the position of the gripper. 

The gripper mechanism may comprise an axially moveable 
cover plate located at the actuation end. When the gripper 
mechanism comprises a linear actuator, the cover plate may 
be connected to the linear actuator or integrally formed there 
with. When the gripper mechanism comprises an indicator 
rod, the length of the indicator rod above a level coincident 
with the cover plate may indicate the position of the gripper. 

The gripper mechanism may be a nuclear fuel rod gripper 
mechanism, and in the engaged position the gripper may be 
capable of engaging a cavity in a plug end of a fuel rod and in 
the disengaged position the gripper may be capable of being 
received into and removed from a cavity in a plug end of a fuel 
rod. 
A second aspect of the invention provides agripper mecha 

nism for moving an object having a surface cavity. The grip 
per mechanism comprises a gripper moveable between a dis 
engaged position and an engaged position. In the disengaged 
position the gripper is capable of being received into and 
removed from a cavity of an object, and in the engaged 
position the gripper is capable of engaging an object. The 
gripper mechanism comprises an actuator, the actuator is 
configured such that movement of the actuator by a predeter 
mined distance moves the gripper between the disengaged 
position and the engaged position. The gripper mechanism 
further comprises a latch enclosed (e.g. fully enclosed) within 
the remainder of the gripper mechanism. The latch is config 
ured to retain the gripper in the engaged position until the 
actuator is moved by a pre-determined amount. 

Provision of a latch enclosed within the gripper mechanism 
reduces the risk of the latch being accidently released and as 
Such the risk of the gripper being accidently released during 
use is reduced compared to gripper mechanisms of the prior 
art. 

The actuator may comprise a rotary body moveable in a 
rotational direction and optionally a linear actuator moveable 
in an axial direction. 
The gripper mechanism may comprise a housing and the 

latch may be enclosed (e.g. fully enclosed) within the hous 
ing. Alternatively or additionally, the gripper mechanism may 
comprise a linear actuator and a rotary body, and the latch 
may be positioned between the linear actuator and the rotary 
body. For example, the linear actuator may have a recessed 
region and the rotary body may have a protruding region, and 
the protruding region of the rotary body may be positioned 
within the recessed region of the linear actuator. Alterna 
tively, the rotary body may have a recessed region configured 
to receive a protruding region of the linear actuator. In Such 
embodiments the latch may be positioned between the linear 
actuator and rotary body in the region of the recess. 
The gripper mechanism of the second aspect may comprise 

one of, or any combination of optional features of the gripper 
mechanism of the first aspect. 
A third aspect of the invention provides a nuclear fuel rod 

gripper mechanism. The nuclear fuel rod gripper mechanism 
comprises agripper moveable between a disengaged position 
and an engaged position. In the disengaged position the grip 
per is capable of being received into and removed from a 
cavity in a plug end of a fuel rod, and in the engaged position 
the gripper is capable of engaging a plug end of a fuel rod. The 
position of the gripper in the engaged position is radially 
outward of the position of the gripper in the disengaged 
position. The nuclear fuel rod gripper mechanism further 
comprises an actuator configured to move the gripper 
between the engaged position and the disengaged position. 
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6 
An indication cable is connected at one end to the gripper and 
extending through the gripper mechanism Such that move 
ment of the gripper between the engaged position and the 
disengaged position moves the cable so as to indicate the 
position of the gripper. 
The cable may extend axially through the actuator, for 

example through a channel formed in the actuator. 
The nuclear fuel rod gripper mechanism may comprise one 

of or any combination of optional features of the gripper 
mechanisms of the first or second aspects. 
A fourth aspect of the invention provides a nuclear fuel rod 

gripper mechanism comprising: a gripper moveable between 
a disengaged position and an engaged position. In the disen 
gaged position the gripper is capable of being received into 
and removed from a cavity in a plug end of a fuel rod, and in 
the engaged position the gripper is capable of engaging a plug 
end of a fuel rod. The position of the gripper in the engaged 
position is radially outward of the position of the gripper in 
the disengaged position. The nuclear fuel rod gripper mecha 
nism further comprises an actuator configured to move the 
gripper between the engaged position and the disengaged 
position. An indication rod is arranged Such that movement of 
the actuator alters a visible length of the indication rod so as 
to indicate the position of the gripper. 

For example, the indication rod may be arranged such that 
movement of the actuator alters the amount the indication rod 
protrudes from an upper region of the gripper mechanism. 
The nuclear fuel rod gripper mechanism may comprise one 

of or any combination of optional features of the gripper 
mechanism of the first or second aspects. 

DESCRIPTION OF DRAWINGS 

The invention will now be described, by way of example 
only, with reference to the accompanying drawings in which: 

FIG. 1 illustrates a perspective sectioned view of a nuclear 
fuel rod gripper mechanism; 

FIGS. 2A to 2C illustrate a perspective view of different 
stages of a mechanism provided between a rotary body and 
linear actuator of the nuclear fuel rod gripper mechanism of 
FIG. 1 for converting axial motion of the linear actuator to 
rotational motion of the rotary body; 

FIG. 3 illustrates a schematic plan view of the mechanism 
of FIGS. 2A to 2C: 

FIGS. 4A and 4B illustrates a perspective view of a gripper 
of the nuclear fuel rod gripper mechanism of FIG. 1; 

FIGS. 5A to 5C illustrates a perspective sectioned view of 
the nuclear fuel rod gripper mechanism of FIG. 1 at different 
stages of gripping a nuclear fuel rod; 

FIGS. 6A to 6C illustrates a perspective sectioned view of 
the nuclear fuel rod gripper mechanism of FIG. 1 at different 
stages of releasing a nuclear fuel rod; 

FIG. 7 illustrates a cross sectional view of an alternative 
nuclear fuel rod gripper mechanism having an indicator 
cable; 

FIGS. 8A and 8B illustrates a partial perspective view of a 
further alternative nuclear fuel rod gripper mechanism having 
an indicator rod; 

FIGS. 9A and 9B illustrates a perspective view of an alter 
native gripper of an alternative nuclear fuel rod gripper 
mechanism; and 

FIGS. 10A and 10B illustrates a perspective view of a 
further alternative gripper of a further alternative nuclear fuel 
rod gripper mechanism; 

DETAILED DESCRIPTION 

Referring to FIG. 1, a nuclear fuel rod gripper mechanism 
is indicated generally at 10. The gripper mechanism 10 
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includes a housing 12. In this embodiment, the housing is 
cylindrical. A rotary body 14 is located at least partially 
within the housing 12. Also positioned at least partially in the 
housing 12 is a linear actuator 16. The linear actuator 16 is 
positioned so as to be coaxial with the rotary body 14, and at 
one end thereof. At an opposite end of the rotary body 14 a 
gripper 18 is provided for engaging a fuel rod. 

In the present application, an upward direction refers to, in 
use, a direction away from a fuel rod resting location (indi 
cated by arrow U in FIG. 1) and a downward direction refers 
to, in use, a direction towards a fuel rod resting location 
(indicated by arrow D in FIG.1). Rotary motion (indicated by 
M, in FIG. 1) refers to rotation about an axis of rotation of the 
rotary body 14, which in the presently described embodi 
ments is coaxial to the central longitudinal axis (indicated at 
A in FIG. 1) of the rotary body. A radial direction refers to 
movement away from or towards the longitudinal axis A in a 
direction Substantially perpendicular to the longitudinal axis 
A; radially outwards being a direction (indicated at R, in FIG. 
1) away from the longitudinal axis and radially inwards being 
a direction (indicated at R, in FIG. 1) towards the longitudinal 
axis. 
The linear actuator 16 is substantially cylindrical in shape. 

A cylindrical recess 20 is provided in one end of the linear 
actuator proximal to the rotary body 14. The end of the linear 
actuator that includes the recess 20 has a flange 22. 
The rotary body 14 is substantially cylindrical in shape. An 

end of the rotary body nearest the linear actuator is dimen 
sioned so as to be received in the recess of the linear actuator 
16 and move therewithin relative to the linear actuator. A 
flange 23 is provided near said end and is dimensioned so as 
to provide a stop against which the flange 22 of the linear 
actuator can contact so as to limitaxial movement of the linear 
actuator beyond that required for gripping a fuel rod. 

Referring to FIGS. 2A to 2C and FIG.3, a mechanism 24 is 
provided between the linear actuator and the rotary body 
within the recess 20. The mechanism 24 includes a slot 26 
formed in the rotary body and a pin 28 protruding from the 
linear actuator 16. The pin 28 is dimensioned and positioned 
so that it is received in the slot 26. The slot 26 is curved to form 
a tick-shape; or in other words the slot is substantially 
V-shaped with one arm of the “V” being shorter than the 
other. 

FIGS. 2A to 2C show the various positions of the pin 28 as 
the linear actuator 16 is moved axially downwards. In FIG. 
2A, the pin 28 is located at an axially upper position in the slot 
26. As the linear actuator 16 is moved axially downwards, the 
pin 28 moves downwards through the slot 26. Due to the 
curved nature of the slot 26, the movement of the pin 28 in the 
slot 26 causes the rotary body 14 to rotate. The pin 28 con 
tinues to move along the slot 26 as the linear actuatoris moved 
axially downwards until the pin reaches an inflection region 
27 of the tick-shaped slot 26, as shown in FIG.2B. Then when 
an actuation force, which caused the axial movement of the 
linear actuator, is released, the pin 28 moves to the tip of the 
smaller arm of the tick-shaped (or substantially V-shaped) 
slot, as shown in FIG. 2C. The transition from the larger arm 
to the smaller arm of the tick-shaped (or substantially 
V-shaped) slot can be seen more clearly in FIG. 3, in which 
the solid arrow indicates the above described motion. To 
move the pinback to the larger arm of the tick-shaped slot the 
linear actuator needs to be moved axially downward, the pin 
can then move to the larger arm and axially upward move 
ment of the linear actuator will move the pin back to the 
position shown in FIG. 2A, the broken line arrows 34 in FIG. 
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8 
3 indicate this motion. As will be described in more detail 
later, this arrangement of pin and slot provides an internal 
latch. 
Now the gripper 18 will be described in more detail with 

reference to FIGS. 1, 4A and 4B. The gripper includes three 
gripper arms 36 (only one labelled). The arms are pivotally 
connected to the rotary body at a pivotal connection38. Each 
arm includes a foot or hooked portion 40 at an end opposite 
the pivotal connection. The rotary body 14 includes an elon 
gate portion 45 that extends to a position Substantially aligned 
with the hooked portion of the arms 36. A plate 44 is provided 
at an end of the elongate portion 45 adjacent the hooked 
portion of the arms. In the present embodiment the elongate 
portion is cylindrical and the plate is round, but in alternative 
embodiments the elongate portion and/or the plate may be 
any other Suitable shape. The rotary body is also shown as an 
integrally formed component, but in alternative embodiments 
the rotary body may be formed of a number of components 
connected together. 
A mechanism connects the arms 36 to the rotary body 14 

Such that rotary movement of the rotary body causes the arms 
36 to pivot about the pivotal connection 38 and move in a 
radial direction. In the present embodiment, the mechanism 
includes three curved slots 46 (only one labelled for clarity) 
provided in the plate 44 and a pin 42 formed on each heel of 
the hooked portion of the arms. Each slot 46 receives a respec 
tive pin 42, such that rotational movement of the rotary body 
moves the pin 42 along the slot 46 causing the hooked portion 
40 of the gripper arms 36 to move radially outward or radially 
inward depending on the direction of rotation of the rotary 
body. 

Referring back to FIG.1, the gripper mechanism 10 further 
includes a cover plate 48. The cover plate 48 is connected to 
an actuation end of the linear actuator 16. In the present 
embodiment, the actuation end is an end of the linear actuator 
distal to the rotary body 14. In the present embodiment, the 
cover plate is connected to the linear actuator via four screws 
49 (only two shown), but in alternative embodiments any 
other Suitable connection may be used, e.g. any suitable type 
of fastener or bonding, or the cover plate may be integrally 
formed with the linear actuator. 
A helical spring 50 is positioned around the linear actuator 

16 and is substantially coaxial thereto. A stepped region 52 of 
the housing 12 forms a platform on which the helical spring 
50 is seated. The helical spring 50 extends between the 
stepped region and the cover plate 48 so as to provide a degree 
of resistance to axially downward movement of the cover 
plate, and therefore also a degree of resistance to axially 
downward movement of the linear actuator 16. 
The gripper mechanism 10 also includes an external latch 

51. The external latch includes three latch arms 52 pivotally 
connected to the cover plate 48, each arm being provided with 
an engagement feature that corresponds to an engagement 
feature provided on an internal Surface of the housing 12. 
Each latch arm is biased in a radially outward direction, more 
specifically the latch arms are spring loaded. The engagement 
feature of the latch arm is a hooked portion 54. In the present 
embodiment, two engagement features are provided in the 
housing; one corresponding to a position when a fuel rod is 
being gripped and one corresponding to a position when no 
fuel rod is being gripped. The engagement features formed in 
the housing are two circumferential recesses 56,58, spaced 
axially apart. The circumferential recesses are dimensioned 
and shaped to receive the hooked portion of the latch arms. 
The latch arms 52 further include a shoulder portion 60 

which is dimensioned to protrude out from the general profile 
defined by the housing 12. The functionality of the shoulder 
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portion will become clear in the following discussion of how 
the gripper mechanism 10 operates. 
As can be seen in FIGS. 5A to 5C, the gripper mechanism 

10 is intended for use with a fuel rod (also known as a fuel 
assembly) 62 that includes a cavity 64 in a plug end of the fuel 
rod. A circumferential groove 66 is formed in the cavity 64 of 
the fuel rod. Generally, in fuel arrangements, a static ring 68 
is provided at a position spaced axially upward from the fuel 
rod. The gripper mechanism 10 can be used with existing fuel 
rods (or fuel assemblies) with internal lifting features, or with 
new fuel rods (or fuel assemblies) that are specifically 
designed for use with gripper mechanism 10. 
Now the process of gripping the fuel rod 62 will be 

described. Firstly, the lower end of the gripper mechanism 10 
is positioned through the centre of the ring 68, as shown in 
FIG. 5A. The gripper mechanism 10 is then moved down 
wards. As the gripper mechanism moves downwards, the 
shoulder 60 of the latch arm 52 interacts with the ring 68 to 
pivot the latch arm radially inwards. Pivoting the latch arms 
radially inwards, disengages the hooked portion 54 of the 
latch arm from the groove 58 of the housing 12 (i.e. the 
external latch 51 is unlatched), as shown in FIG. 5B. The 
gripper mechanism 10 is dimensioned Such that (e.g. the axial 
distance between the plate 44 and the upper groove 58 in the 
housing 12, and the position of the shoulder of the latch arm 
is such that), when the external latch is unlatched, the plate 44 
is in contact with a platform of the cavity 64. 
The cover plate 48 is then moved downwards, compressing 

the spring 50 and moving the linear actuator 16 axially down 
ward. The axial downward motion of the linear actuator 16 
moves the pin 28 of the linear actuator in the slot 26 of the 
rotary body 14, which causes the rotary body to rotate. Rota 
tion of the rotary body 14 causes the pins 42 of the gripper 
arms 36 to move in the slots 46 of the plate 44, causing the 
hooked portion 40 of the gripper arms to move radially out 
ward to an engaged position. In the engaged position, the 
gripper arms engage the recess 66 formed in the fuel rod 62. 
The fuel rod 62 is then lifted by moving the gripper mecha 

nism 10 axially upwards, via a force applied to the cover plate 
48. When an initial upward force is applied to the cover plate, 
only the cover plate and the linear actuator 16 move upwards 
so as to position the pin 28 of the mechanism 24 at the tip of 
the tick shaped slot 26. In this position, the rotary body 14 is 
latched to the linear actuator such that only axially downward 
movement of the linear actuator 16 can unlatch the rotary 
body and linear actuator and cause the rotary body to rotate. 
Since no axially downward force will be applied until the fuel 
rod 62 is in a new desired position, the internal latch prevents 
undesired movement of the rotary body, and therefore also 
prevents undesired movement of the gripper 18. 
Once the pin 28 is at the tip of the tick-shaped slot 26, 

subsequent upward force applied to the cover plate 48 moves 
the gripper mechanism 10 upwards. As the gripper mecha 
nism moves axially upward, the latch arms 52 of the external 
latch 51 are moved out of contact with the ring 68, which in 
turn, due to the biasing of the latch arms, moves the hooked 
portion 54 of each latch arm into engagement with the lower 
axial recess 56 of the housing 12. Thus, the gripper mecha 
nism 10 is further latched (at the external latch) to prevent 
unwanted movement of the gripper 18, by preventing 
unwanted axial movement of the linear actuator 16 relative to 
the housing 12. The gripper mechanism 10 and fuel rod 62 are 
then fully removed from the first location. 

Referring now to FIGS. 6A to 6C, to position the fuel rod 
62 in a second desired location, the gripper mechanism 10 and 
fuel rod 62 are placed through the centre of the ring 68 near 
the second location, as shown in FIG. 6A. Further axially 
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10 
downward movement of the gripper mechanism 10 engages 
the shoulders 60 of the latch arms 52 with the ring 68', causing 
the latch arms 52 to move radially inwards and disengage 
from the lower recess 56 of the housing 12, as shown in FIG. 
6B. 

The linear actuator 16 can then be moved axially down 
wards relative to the housing 12 to unlatch the internal latch 
(i.e. move the pin 28 to the inflection region 27 of the tick 
shaped slot 26 (pin 28 and slot 26 including the inflection 
region 17 are not shown in FIGS. 6A to 6C, but are shown in 
FIGS. 2A to 2C and 3)). The linear actuator is then moved 
axially upwards relative to the housing. The axially upward 
movement of the linear actuator rotates the rotary body 14, 
causing the gripper arms 36 to move radially inwards and 
disengage the groove 66 of the fuel rod 62, in a similar manner 
to the reverse of that described for engaging the fuel rod. 
The gripper mechanism 10 is then moved axially upwards, 

such that the shoulders 60 of the latch arms 52 are no longer 
in contact with the ring 168, and the hooked portion 54 of the 
latch arms move radially outwards to engage the upper recess 
58 of the housing 12, as shown in FIG. 6C. The gripper 
mechanism 10 can then be fully removed from the ring 68, 
leaving the fuel rod 62 in the second position. 
AS has been demonstrated, the gripper mechanism 10 

needs to be activated by an external feature situated at a safe 
put-down location (e.g. ring 68, 68'), as is known to be good 
practice within the art. However, the described gripper 
mechanism is advantageous over prior art designs because a 
positive input is required to engage or disengage with a fuel 
rod (e.g. downward movement of the linear actuator to 
unlatch the linear actuator from the rotary body). Thus, the 
possibility of accidental gripper release is significantly 
reduced compared to gripper mechanisms of the prior art. 
The gripper mechanism 10 also meets many of the recom 

mendations of the International Atomic Energy Agency 
(IAEA), including that: the gripper mechanism remains in the 
engaged position upon loss of power, the gripper mechanism 
should not decouple unintentionally from the fuel rod; the 
gripper mechanism should only decouple from the fuel rod at 
specified elevations, even when no load is applied; and the 
gripper mechanism has an inherent safety device that pre 
vents the fuel rod from undesirably releasing from the gripper 
mechanism. As will be described, the gripper mechanism 10 
is also capable of including an indicator configured to indi 
cate the position of the gripper. 
A modification to the above described gripper mechanism 

10 is indicated generally at 110 in FIG. 7. The gripper mecha 
nism 110 is similar to the gripper mechanism previously 
described, and similar features are given similar reference 
numerals but with a prefix '1'. However, the gripper mecha 
nism 110 further includes an indicator cable or wire 70. The 
indicator cable 70 connects to the hooked portion 140 of each 
of the gripper arms 136 and extends axially through the rotary 
body 114, linear actuator 116, and cover plate 148 through a 
channel formed therein. The cable includes indicator marks. 
During use, movement of the gripper arms 136 radially out 
wards moves the indicator cable 170 down the channel 
formed in the rotary body 114, linear actuator 116 and cover 
plate 148, thus indicating the position of the gripper arms. In 
this way, a visual indicator is provided to indicate the position 
of the gripper arms. 

Referring to FIGS. 8A and 8B, a further alternative gripper 
mechanism 210, similar to the gripper mechanism of FIG. 1 is 
shown, but the gripper mechanism 210 of FIGS. 8A and 8B 
includes an indicator rod 272. Similar features are given 
similar reference numerals but with a prefix "2. 
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The indicator rod 272 is connected to the housing 212. 
When the linear actuator 216 moves axially downwards and 
axially upwards, the distance the rod 272 extends above the 
cover plate 248 is altered. The distance the rod extends above 
the cover plate indicates the position of the gripper arms 236. 
Visual markings may be provided on the indicator rod to aid 
in identifying the position of the gripper arms. 
As will be understood by the person skilled in the art, a 

gripper mechanism may include both the indicator cable of 
the embodiment of FIG. 7 and the indicator rod of the 
embodiment of FIGS. 8A and 8B. 

It will be appreciated by one skilled in the art that, where 
technical features have been described in association with one 
or more embodiments, this does not preclude the combination 
or replacement with features from other embodiments where 
this is appropriate. Furthermore, equivalent modifications 
and variations will be apparent to those skilled in the art from 
this disclosure. Accordingly, the exemplary embodiments of 
the invention set forth above are considered to be illustrative 
and not limiting. 

For example, an indicator cable and/or an indicator rod 
have been described as optional features for indicating the 
position of the gripper, but in alternative embodiments, other 
indicator mechanisms may be used, for example electrical 
contact methods or fluid displacement methods. 

In further alternative embodiments, the gripper may be of 
an alternative configuration. Referring to FIGS. 9A and 9B an 
alternative gripper 318 is illustrated. The gripper 318 includes 
a plurality of plate segments 374 that are anchored to the 
housing 312, in this embodiment four plate segments and four 
pillar Supports are provided, but any number of plate seg 
ments and/or pillar supports may be provided. A pin 342 
protrudes downwardly from each of the plates and is received 
in a curved slot 346 formed in a plate 344 of the rotary body 
314. 
A further alternative gripper 418 is illustrated in FIGS. 10A 

and 10B. Gripper 418 is similar to the gripper 318 of FIGS. 
9A and 9B, but instead of being anchored to the housing via 
support pillars, a retaining disc 476 is used. In FIGS. 10A and 
10B similar reference numerals are used for similar features 
as the previously described embodiments, but with a prefix 
“4. 

In the presently described embodiments a rotary body and 
a linear actuator are provided, but in an alternative embodi 
ment the actuation end may be one end of the rotary body. In 
Such embodiments, a bearing may be provided between the 
actuation end (or a position where an axial input is applied) 
and the rotary body so as to avoid transmitting rotational 
movement to external equipment. In this or other embodi 
ments, a mechanism may be provided between the rotary 
body and the housing to rotate the rotary body upon receiving 
an axial input. 

In the described embodiments a helical spring is used to 
bias the cover plate to an axially upward position, but in 
alternative embodiments one or more of any suitable biasing 
members may be used. 
The mechanism provided between the linear actuator and 

the rotary body includes a tick-shaped slot and a pin, but in 
alternative embodiments the slot may be an angled slot (with 
or without the tick portion at one end) or the slot may be 
curved (without the tick portion at one end). In further alter 
native embodiments, a mechanism other than a slot and pin 
may be used, for example the mechanism may include a screw 
thread, a crank, gears, a rack and pinion, and/or a worm gear. 
In yet further alternative embodiments, instead of providing a 
pathway in the form of a slot, raised protrusions may define 
the pathway. 
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12 
In the embodiment of FIG. 1, three gripper arms are pro 

vided, but in alternative embodiments any suitable number of 
gripper arms may be provided, for example three or more 
gripper arms. Similarly, in the embodiment shown in FIGS. 
9A, 9B, 10A and 10B, four gripper plate segments are pro 
vided, but in alternative embodiments less than four plates, 
e.g. three plates, or more than four plates, may be provided. 

Although previous embodiments have been described in 
connection with moving nuclear fuel rods (e.g. in the Civil 
Nuclear Industry or for nuclear reactors on submarines), the 
gripper mechanism may be used in other high-integrity cou 
pling applications. Since the gripper will activate only at 
certain positions due to actuation by an external feature, it 
could be highly beneficial in any industry that requires stan 
dards similar to those applied in the nuclear industry, or any 
application that needs a high-integrity gripped connection. Its 
mechanical robustness, reliance on engagement and disen 
gagement by means of an external feature, and its ability to 
maintain its grip in the event of loss of power make it ideal for 
applications such as: transferring cargo of a hazardous, frag 
ile or expensive nature, such as canisters of hazardous chemi 
cals; high-integrity fuel hose latching; and/or high-integrity 
couplings, such as spacecraft docking mechanisms. 
The invention claimed is: 
1. A gripper mechanism for moving an object having a 

Surface cavity, the gripper mechanism comprising: 
an actuation end moveable in an axial direction; 
a rotary body; 
a first mechanism configured such that movement of the 

actuation end in an axial direction rotates the rotary 
body; 

a gripper moveable between an engaged position and a 
disengaged position, wherein in the engaged position 
the gripper is capable of engaging an object and in the 
disengaged position the gripper is capable of being 
received into and removed from a cavity of an object, 

wherein the gripper is connected to the rotary body by a 
second mechanism configured Such that rotary motion 
of the body moves the gripper between the engaged 
position and the disengaged position; and 

a latching arrangement comprising an internal latch 
enclosed within the gripper mechanism, wherein: 

the latching arrangement is configured to prevent the grip 
per moving from the engaged to the disengaged position 
before the actuation end is moved by a predetermined 
distance; and 

the latching arrangement is configured such that axial 
movement of the actuation end in a direction opposite to 
a desired direction of motion of the gripper mechanism 
at least partially unlatches the latching arrangement. 

2. The gripper mechanism according to claim 1 comprising 
a linear actuator, wherein the actuation end is defined at one 
end of the linear actuator. 

3. The gripper mechanism according to claim 2, wherein 
the first mechanism is provided between the linear actuator 
and the rotary body. 

4. The gripper mechanism according to claim 1 wherein the 
internal latch is configured such that axial movement of the 
actuation end in the direction opposite to the desired direction 
of motion of the gripper mechanism unlatches the internal 
latch. 

5. The gripper mechanism according to claim 1 wherein the 
first mechanism comprises a pin and a curved pathway, the 
pin being arranged to move along the curved pathway. 

6. The gripper mechanism according to claim 5, wherein 
the curved pathway has a tick shape arranged so that when the 
gripper is in the engaged position the pin is at a tip of the tick, 
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and arranged such that axially downward movement of the 
actuation end by a predetermined distance is required before 
the pin and actuation end can move axially upward. 

7. The gripper mechanism according to claim 1 wherein the 
latching arrangement comprises an external latch, and 
wherein at least a portion of the external latch is positioned 
external to a volume defined by a remainder of the gripper 
mechanism such that the latch can be actuated by a compo 
nent external to the gripper mechanism. 

8. The gripper mechanism according to claim 1, wherein a 
biasing element is arranged to resist axial movement of the 
actuation end. 

9. The gripper mechanism according to claim 1, wherein 
the gripper is configured such that in the engaged position at 
least a portion of the gripper is positioned more radially 
outward from a central longitudinal axis of the gripper 
mechanism than in the disengaged position. 

10. The gripper mechanism according to claim 1 compris 
ing an indicator configured to indicate the position of the 
gripper. 

11. The gripper mechanism according to claim 1, wherein 
the gripper mechanism is a nuclear fuel rod gripper mecha 
nism, and in the engaged position the gripper is capable of 
engaging a cavity in a plug end of a fuel rod and in the 
disengaged position the gripper is capable of being received 
into and removed from a cavity in a plug end of a fuel rod. 

12. A gripper mechanism for moving an object having a 
Surface cavity, the gripper mechanism comprising: 

an actuation end moveable in an axial direction; 
a rotary body; 
a first mechanism configured such that movement of the 

actuation end in an axial direction rotates the rotary 
body; 

a gripper moveable between an engaged position and a 
disengaged position, wherein in the engaged position 
the gripper is capable of engaging an object and in the 
disengaged position the gripper is capable of being 
received into and removed from a cavity of an object, 

wherein the gripper is connected to the rotary body by a 
second mechanism configured such that rotary motion 
of the body moves the gripper between the engaged 
position and the disengaged position; 

a latching arrangement configured to prevent the gripper 
moving from the engaged to the disengaged position 
before the actuation end is moved by a predetermined 
distance, 

wherein the latching arrangement comprises an external 
latch and at least a portion of the external latch is posi 
tioned external to a volume defined by a remainder of the 
gripper mechanism such that the latch can be actuated by 
a component external to the gripper mechanism; and 

a housing wherein the external latch comprises one or more 
latch arms engageable with the housing. 
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13. The gripper mechanism according to claim 12, wherein 

the latch arms comprise one or more engagement features and 
the housing comprises one or more complimentary engage 
ment features. 

14. The gripper mechanism according to claim 13, wherein 
the engagement feature of the housing comprises circumfer 
ential grooves provided at two axial locations on the housing: 
a first groove corresponding to a position where the gripper is 
in the disengaged position and a second groove correspond 
ing to a position where the gripper is in the engaged position. 

15. The gripper mechanism according to claim 12, wherein 
the latch arms are biased to a position of engagement with the 
housing. 

16. The gripper mechanism according to claim 12, wherein 
the gripper mechanism is a nuclear fuel rod gripper mecha 
nism, and in the engaged position the gripper is capable of 
engaging a cavity in a plug end of a fuel rod and in the 
disengaged position the gripper is capable of being received 
into and removed from a cavity in a plug end of a fuel rod. 

17. The gripper mechanism according to claim 12, wherein 
the latching arrangement comprises an internal latch enclosed 
within the gripper mechanism. 

18. A gripper mechanism for moving an object having a 
Surface cavity, the gripper mechanism comprising: 

an actuation end moveable in an axial direction; 
a rotary body; 
a first mechanism configured such that movement of the 

actuation end in an axial direction rotates the rotary 
body; 

a gripper moveable between an engaged position and a 
disengaged position, wherein in the engaged position 
the gripper is capable of engaging an object and in the 
disengaged position the gripper is capable of being 
received into and removed from a cavity of an object, 

wherein the gripper is connected to the rotary body by a 
second mechanism configured such that rotary motion 
of the body moves the gripper between the engaged 
position and the disengaged position, and the gripper is 
configured such that in the engaged position at least a 
portion of the gripper is positioned more radially out 
ward from a central longitudinal axis of the gripper 
mechanism than in the disengaged position; and 

a guide plate at a position axially beneath the gripper, 
wherein the guide plate is configured to guide the grip 
per between the engaged and the disengaged position. 

19. The gripper mechanism according to claim 18, wherein 
the gripper mechanism is a nuclear fuel rod gripper mecha 
nism, and in the engaged position the gripper is capable of 
engaging a cavity in a plug end of a fuel rod and in the 
disengaged position the gripper is capable of being received 
into and removed from a cavity in a plug end of a fuel rod. 


